Objectives: To evaluate the effect of hormonal contraception including combined oral contraceptives (COCs), and the injectable progestins depo-medroxyprogesterone acetate (DMPA) and norethisterone enanthate (Net-En) on the risk of HIV acquisition among women in South Africa.
Introduction
Hormonal contraception is used by over 150 million women worldwide including over 100 million women who use combined oral contraceptives (COCs) and over 50 million who use the injectable progestin depomedroxyprogesterone acetate (DMPA) [1] ; [2] . Injectable progestin use [DMPA and norethisterone enanthate (Net-En)] is increasing especially among young women and among women in South Africa [3] . In much of subSaharan Africa, condom use remains low within marriage and among women using highly effective contraception [4] .
Studies from macaques and some (but not all) studies conducted among high-risk women (e.g. sex workers) suggest that hormonal contraceptive use, and in particular DMPA use, may increase women's risk of HIVacquisition [5] [6] [7] [8] [9] . Studies among women from general population groups have been inconsistent, although a reanalysis of the Hormonal Contraception and Risk of HIV Acquisition (HC-HIV) study, the largest and most rigorous study of the issue to date, found a 50% increase in HIV acquisition risk among women using DMPA, but no statistically significant increased risk among women using COCs [7] . Importantly, young women (<24 years) who used either DMPA or COC in the HC-HIV study appeared to be at increased risk of HIV acquisition [7] .
We used data from a randomized trial of the candidate microbicide Carraguard to evaluate the effect of hormonal contraceptive use on HIV acquisition among women at three research sites in South Africa [10] . The Carraguard study collected high-quality contraceptive data on women using DMPA, Net-En, COCs and women not using hormonal contraception. The dataset also contained important covariates (e.g. sexual practices) of contraceptive use and large numbers of well timed incident HIV infections.
Methods
The analysis used a subset of data from a randomized, double-blinded, placebo-controlled trial which investigated whether Carraguard gel prevented HIV infection when used vaginally by women in South Africa. The study was conducted by the Population Council between March 2004 and March 2007 in collaboration with the Medical Research Council (MRC) of South Africa, the University of Limpopo/Medunsa Campus (Medunsa), and the University of Cape Town (UCT) at sites in Isipingo (Kwa-Zulu Natal), Soshanguve (Gauteng), and Gugulethu (Western Cape), respectively. All study participants provided written informed consent; the study was reviewed and approved by the Population Council Institutional Review Board, by institutional review boards at each of the three participating South African sites and by the South African Medicines Control Council. Results showed an HIV incidence of 3.6 per 100 woman-years, with an incidence of 3.3 in the Carraguard group and 3.8 in the placebo group, although the difference in arms was not statistically significant. Detailed methods and results have been reported previously [10] .
Study population and procedures
Participants in the main study were sexually active, nonpregnant, HIV-negative females, aged 16 years and older. Sexual activity was defined as having had at least one sex act in the past 3 months. Women with active sexually transmitted infections (STIs) were enrolled following effective treatment provided by the study clinic. Participants were provided with Carraguard or placebo (methylcellulose gel) depending on randomization. Both groups received male latex condoms, nonlubricated, or lubricated with a nonspermicidal lubricant. Female condoms were also available upon request.
All participants were instructed to use both the gel and condoms throughout the study during each act of vaginal intercourse. Following enrollment, participants completed study visits at month 1, month 3, and quarterly thereafter for a minimum of nine months and a maximum of 24 months. At all visits, participants had a pelvic exam, testing for HIV and pregnancy, counseling on HIV risk reduction and family planning and a staff-administered interview which included questions about recent sexual activity, gel use, and current contraceptive use. At months 3, 6, 12, 18 and 24 and when clinically indicated, women were tested for chlamydia, gonorrhea, syphilis and trichomoniasis; women were tested for bacterial vaginosis and yeast when symptomatic. Study clinics provided treatment to all women with curable sexually transmitted or vaginal infections.
Study staff specifically encouraged the use of contraceptives throughout the trial. UCT provided hormonal contraception throughout the study, whereas Medunsa and MRC began providing hormonal contraception on site in October 2005 to reduce high pregnancy rates and maximize participant follow-up [11] . Hormonal contraceptives available at the sites included some or all of the following: oral contraceptives (Biphasil, Microval, Nordette, Ovral and Triphasis) and injectables (DMPA, Net-En). Women who became pregnant or HIV-infected during the main study were discontinued from the study and referred to local services in the trial communities for further care.
Analysis population and variable definition
A detailed description of the HIV testing algorithm has been described elsewhere [10] . Briefly, two rapid blood tests were used at each visit; positive results were confirmed by enzyme immunoassay or RNA PCR. For participants who seroconverted at month 1 or 3, baseline samples were tested to determine their HIV infection status at enrollment using HIV PCR. The date of HIV infection was estimated to be the midpoint between the date of the participant's first positive HIV result and the most recent previous HIV-negative result. Time to infection was computed as the difference (in days) between the estimated infection date and the enrollment date plus one. Participants who completed the study without HIV seroconversion, those who discontinued early and those who were lost to follow-up, were censored at the date of their last HIV test.
Participants included in this analysis consisted of all participants eligible for the main study who were 16-49 years of age and provided contraceptive use data at enrollment. Contraceptive use was divided into four groups: DMPA, COC, Net-En and no use of hormonal contraception. The nonhormonal group excluded women using intrauterine devices (IUDs) or who had had a hysterectomy because these women may be at differential HIV risk than other women not using hormonal contraception [8] .
We defined contraceptive exposure for our primary analysis as time-varying contraceptive use at each study visit -that is, if a woman used any of the four methods (i.e. COC, DMPA, NET-EN, and no use of hormonal contraception) since the previous visit she was coded as 1 for that contraceptive variable for that visit; otherwise she was coded as 0. We also performed a sensitivity analysis on only those participants reporting consistent contraceptive use since the baseline visit (i.e. the woman was censored at first contraceptive switch). A composite participant behavioral risk variable was used in the analysis. This variable was defined as having a new steady sex partner, multiple sex partners, a nonsteady sex partner or exchanging sex for money. We defined condom use as any use of a male or female condom during the period since the last study visit (used either with or without another family planning method).
Statistical methods
Baseline categorical variables or continuous variables that were categorized were summarized by frequencies and percentages and analyzed using the Cochran-MantelHaenszel test across the four contraceptive exposure groups. Data recorded for continuous variables were summarized by medians and ranges and analyzed using the Kruskal-Wallis test across the contraceptive use groups.
Cox proportional hazard regressions and logistic regressions adjusted for repeated observations were used to evaluate bivariable associations between baseline and time-varying characteristics and HIV acquisition. All suspected confounders were prespecified either by study researchers or were suggested by the literature. We evaluated the following baseline variables: site, age, race, education, living with partner, gel treatment group, and time-varying variables: coital frequency, unexpected genital discomfort, participant behavioral risk (new partner, concurrent partners, sex for money), any condom use, condom use at last sex, abnormal epithelial findings, abnormal vaginal discharge, STIs. If a timedependent covariate was associated (P < 0.05) with HIV acquisition and predicted subsequent hormonal contraception exposure and was also predicted by past hormonal contraception exposure, it was considered a timedependent confounder [12] . We used a marginal structural Cox survival model (MSCSM) to provide consistent estimates of the hormonal contraception exposure effect on HIV acquisition [13] .
This approach first generates stabilized inverse-probability-treatment weights (IPTW) for hormonal contraception exposure using multinomial logistic regressions of hormonal contraception exposure vs. identified timedependent confounders and time-independent covariates (e.g. site, age, living with partner) as well as other potential time-varying confounders. Similarly, we used logistic regressions adjusted for the same set of covariates to estimate the probability of remaining uncensored by either the end of the study, pregnancy occurrence or by dropout to obtain estimates of the censoring weights. A weighted Cox proportional hazard model with stabilized weights (IPTW Â censoring weights) was further used to estimate the effect of hormonal contraception exposure on HIV acquisition. We calculated 95% confidence intervals (CIs) for estimated hazard ratios using the robust sandwich estimate of the covariance matrix [14] .
We also tested several baselines variables including age, condom use, participant behavioral risk, and STIs (prevalent chlamydia or gonorrhea) for effect modification of the hormonal contraception-HIV relationship. These variables were prespecified in our analysis plan because age and (high) risk group have modified the hormonal contraception and HIVacquisition relationship in previous studies. If the interaction term for the variable was statistically significant (P 0.05), we report strataspecific results.
Data analyses were conducted using SUDAAN version 8.0.1 (RTI International, Research Triangle Park, North Carolina, USA) and SAS version 9.2 (SAS Institute Inc., Cary, North Carolina, USA).
Results
Of 6004 women eligible at enrollment with valid HIV results, 5567 (93%) were included in the primary analysis population. A total of 437 women were excluded including two who did not have consistent contraceptive data at enrollment or screening, eight who did not have contraceptive use data during follow-up, 72 who used nonstudy methods (IUD or hysterectomy) at enrollment or their first follow-up visit, and 355 aged 50 years or older.
Participant characteristics at enrollment
Of the 5567 women in the primary analysis population, 1995 (36%) were from UCT, 2185 (39%) from Medunsa and 1387 (25%) from the MRC site (Table 1) . Study participants contributed 33 108 visit segments to the analysis including 630 visit segments when women were found to be pregnant. At baseline, 1618 (29%) of participants used DMPA, 1163 (21%) used Net-En, 501 (9%) used COCs, and 2285 (41%) were in the nonhormonal group (a combination of women using condoms, female and male sterilization, diaphragm, traditional methods, or not using any contraceptive method) ( Table 1) . Median age was 28 years, and most women were single, never married. Over 90% of women had a steady sexual partner only, and about one-quarter reported any male or female condom use. About 12% of women had either a chlamydial or gonococcal infection at baseline and 13% had trichmoniasis.
A higher proportion of DMPA and Net-En users were from the UCT site, a higher proportion of the COC users was from the Medunsa site, and a higher proportion of the nonhormonal group was from the MRC site (Table 1) . Net-En users tended to be younger (16-24 years), whereas COC and nonhormonal groups were older (25-49 years). A lower proportion of Net-En users lived with a partner and Net-En users had the fewest lifetime pregnancies. In terms of sexual behavior, more nonhormonal and COC users had nonsteady sex partners and high participant behavioral risk than DMPA or Net-En users. Nonhormonal users had the highest (35%) and DMPA users the lowest (11%) reported condom use. More nonhormonal and DMPA users than COC or NetEn users reported a partner who had other sex partners. At enrollment, chlamydia was most prevalent among Net-En users (15%), whereas trichomoniasis was most prevalent in the nonhormonal group (15%). No differences occurred among the contraceptive groups in treatment arm (Carraguard gel vs. placebo) or prevalent gonorrhea.
Pregnancy and contraceptive switching
We recorded 627 pregnancies during the study. As expected, pregnancies occurred unequally between the 500 AIDS 2012, Vol 26 No 4 Approximately one-third of women (35.6%) ever switched their contraceptive method during the study. Contraceptive switching occurred among 31% of DMPA users, 35% of nonhormonal users, 40% of Net-En users and 41% of COC users.
HIV incidence by contraceptive group
A total of 270 incident HIV infections were included in this analysis (Table 2 ). HIV incidence rates were highest among the DMPA users (4.6 per 100 woman-years) and lowest among the COC users (2.8 per 100 woman-years) (test for homogeneity: P ¼ 0.06). Incidence rates were considerably higher at the MRC site than either the UCT or Medunsa sites (6.2 vs. 2.9 and 3.1 per 100 womanyears, respectively). HIV incidence was highest for women 16-21 years of age (6.0 per 100 woman-years) followed by 22-24 year old (5.0 per 100 woman-years) and woman 25 years and older (2.8 per 100 womanyears). HIV incidence rates were highest among DMPA users at the MRC (Durban) and Medunsa sites but not at the UCT sites (where HIV incidence was highest among the Net-En group).
In bivariable analysis, DMPA was associated with an increased risk of HIV acquisition (hazard ratio 1.43; 95% CI 1.07-1.92), whereas no significant associations occurred between Net-En (hazard ratio 1.09; 95% CI 0.77-1.53) or COC use (hazard ratio 0.89; 95% CI 0.55-1.44) and HIV acquisition ( 
Effect modification of the hormonal contraception and HIV infection relationship
We specified several analyses a priori to consider possible effect modification of the hormonal contraception and HIV infection relationship by age, participant behavioral risk, condom use, and STIs. We found no evidence of an interaction between hormonal contraception and either participant behavioral risk, condom use or STIs. However, we found a significant interaction between age and the effect of hormonal contraception on HIV acquisition. For example, the interaction between age and Net-En use is associated with HIV acquisition (P ¼ 0.03). In stratified analysis, we found that young women (16-24 years) who used DMPA (AHR 1.68; 95% CI 0.96-2.94) had a marginally increased risk of HIV acquisition, whereas young women who used either Net-En or COCs had no significant increased HIV acquisition risk (Table 4) . Among older women, those who used Net-En (AHR 0.54; 95% CI 0.28-1.04) had a marginally decreased risk of HIV acquisition, whereas there was no association between DMPA and COC use and HIV acquisition risk.
Discussion
We found no increased risk of HIV acquisition overall among women using DMPA, COCs or Net-En among South African women participating in the Carraguard Microbicide Trial. However, we found modest evidence of an increased HIV acquisition risk among young women who used DMPA, whereas there was no statistically significant increased risk among young women using COCs or Net-En. We also found modest evidence of decreased HIV acquisition risk among older women who used Net-En but not among older women who used DMPA or COCs.
The results from previous prospective studies reporting on the relationship between use of hormonal contraceptives and HIVacquisition have been inconsistent [8] . A reanalysis of the HC-HIV study using marginal structural modeling found an increased HIV acquisition risk for DMPA users (AHR 1.48; 95% CI 1.02-2.15) but not for COC users (AHR 1.19; 95% CI 0.80-1.76) [7] . A recent publication from a secondary analysis of almost 3800 HIV-1-serodiscordant couples from seven African countries found that women using hormonal contraception, primarily DMPA, were at a two-fold increased risk of acquiring HIV. Women who were HIV-infected at the beginning of the study and using injectable contraception were also twice as likely to transmit the infection to their uninfected male partners [15] . Whereas we found no statistically significant association overall between DMPA use and HIV acquisition in this analysis, our effect estimate for DMPA (AHR 1.28; 95% CI 0.92-1.78) is relatively similar to that from the HC-HIV study and not inconsistent with a moderate increase in HIV risk associated with DMPA use reported in other recent studies [15] . Differences in the results of these studies may be partially due to differences in the study populations. In the serodiscordant couples study all women were presumably exposed to HIV during each coital act in which a condom was not used. In contrast, women participating in this study and the HC-HIV study were from the general population and it is likely that many were never exposed to HIV during the study period. two previous studies, both from South Africa, have examined this relationship and both found no significant association between Net-En use and HIV acquisition [16, 17] though the power of these prior studies to detect a Net-En-HIV association was somewhat limited. Although the differences between the effect estimates for DMPA and Net-En are not great in this study, they are in the expected direction with somewhat higher risk estimates for DMPA than for Net-En use. Whereas the effects of dosage or serum levels should not be directly compared between different progestins, DMPA appears to suppress ovulation more profoundly than Net-En (3 vs. 2 months for a single dose) and with longer carryover in terms of resumption of ovulation. Also, medroxyprogesterone (the active component of DMPA) in contrast to progesterone (and perhaps other progestins) binds to the glucocorticoid receptor expressed by many cells of the immune system and thus may exert stronger immunosuppressive effects than progesterone [18] .
The analysis found modest evidence of an increased HIV acquisition risk among young women who used DMPA but not COCs or Net-En. This finding is similar to the results from the HC-HIV study reanalysis in relation to DMPA use but not COC use. The HC-HIV study found an almost three-fold and a two-fold increased HIV risk for young women who used DMPA and COCs, respectively [7] . The Mombasa sex worker study did not find an interaction between hormonal contraceptive use and age although there were relatively few young women participating in the study [5] .
This analysis of hormonal contraception and HIV acquisition among women participating in the Carraguard Microbicide trial has a number of strengths. First, there were a large number of incident HIV infections and also large numbers of women using the different hormonal methods. Thus the study had enough statistical power to detect differences between contraceptive groups. Large numbers of young women allowed us to analyze the HIV risk associated with hormonal contraceptive use among young (<25 years) women -an important objective of this analysis. HIV infection was measured often (every 3 months) using a standardized testing algorithm that allowed accurate timing of infection. Finally, we used a marginal structural modeling approach to analyze the longitudinal effect of hormonal contraception on HIV acquisition. The marginal structural modeling approach has become increasingly recognized as a preferred method to analyze longitudinal data subject to time-dependent confounding, especially in cohort studies of HIV infection and the effect of highly active antiretroviral therapy (HAART) on HIV disease progression [5, 7, 13, [19] [20] [21] [22] .
Our analysis also had limitations. First, hormonal contraception was not provided by the study at all sites throughout the study. Therefore we could not compare self-reported contraceptive use data with records of contraceptive provision by study staff. Second, herpes simplex virus type 2 (HSV-2) data were not available for study participants and thus no analysis of the relationship between hormonal contraceptive use and HIVacquisition among HSV-2-negative women was possible. Finally, data on condom use, sexual risk behavior by male partners and other important covariates were self-reported by the study participants and the validity of these data are unclear.
In summary, we found no statistically significant increased risk of HIV acquisition associated with either DMPA, Net-En or COC use overall and modest evidence of an increased HIVacquisition risk among young women who used DMPA but not Net-En or COCs. Women in areas of high HIV incidence should be counseled about the need for condom use and maintaining a monogamous relationship. This may be especially important for younger women and particularly those who use DMPA as their contraceptive method. Efforts should also be made to expand women's access to highly effective nonhormonal (e.g. IUDs) and low-dose hormonal (e.g. implants) methods. Moreover, to resolve this important public health question, we need to conduct a randomized trial to clarify the relationship between hormonal contraception and HIV acquisition, particularly among young women.
